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I IHTROIIUCTION 

An analysis of a sp~ap-8 Electr ical  Generating System, baaed on test 

performance of unmodified -1 PCS components, was  perfomzed t o  de%e.mine 

f a )  tha t  a net e l ec t r i ca l  ontput of 35 kw can be obtained; (b) what are 

the system flow rates, pressure and temperature values required t o  obtain 

35 kwe output; and ( e )  t ha t  component lfinitatioas are net exceeded. 

Estimtes of overall  system weight and projected areas of t h e  HBL 

and L/C radiators were also made as additional useful infomwlxkm for 

t h i s  stuayo 

11. SUMHARY OF RESUISPS 

The results of the  analysis show tha t  35 b e  net outpu% can be obtained 

from a system comprised of unmodified -1 PCS components when combined w i t h  

cmrdnt reactor and representative space rediettor design I .  ate. The 35 kw 

e lec t r i ca l  output can be obtained a t  condftions result ing from operation 

at  the  limits of tho reactor out le t  temperature without,vi@l&ting any of" 

the' component or system limitations. The system pTessuTes, tempera-burce 

and f l o w  rates for op@Pation a% t he  u$per liait of the  reaetor out le t  

temperature are presented i n  Figure 1. 

present system heat balance, e l ec t r i ca l  power betlaam and general BysteBa 

Figure 1 also contaiw t&les which 

performanceo Similar data fop. operation at the lower l i m i t  of the reactor 

orrtlet temperature are presented i n  Figure 2, 

A heat balance f o r  t he  lubricatfon/coohnt loop, which is applicable 

t o  both the upper and 1mep temperature liazfts, is presented i n  Table I. 

As indicated in Table I, the lubrication/co@lant space radiator must re jec t  

22,2 kw of heat,, 
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A weight sumary is presented in Table 11, shewing a t o t a l  system 

weight of 9963 lb. The weights listed are based on the following: 

a. The most recently published weight data fo r  the nuclear 

system. 

b. Measured weights of unmodified -1 PCS components t o  the 

extent that they are available. For the  boiler, design calculations of 

the  tube-in-tube boiler w e r e  used. For cer ta in  other components, which 

have not yet been fabricated, such as expaasion reservoirs, weight estimtes 

were obtained from documented design data, 

c. Previously completed analyt ical  studies of HRL and L/C 

racktator assemblies, including estimates fo r  shrouding and insulation. 

Such studies were made f o r  cylindrical  configurationg radiating from tbe  

outer surface only. The HRL radiator w a s  based on a heat rejection of 

425 kw. 

of from 20.1to 22.2 kw, 

The L/@ radiator was corrected f o r  SLI). increase i n  heat rejection 

The projected areas of t h e  HRL and L/C radiators are presented i n  

and the  L/C radiator area 

are based on cylindrical  shaped radiators designed t o  re jec t  

2 Table IIIt 
2 of 411 f t  

The HRL radiator area of 1100 f t  

heat f romthe outer surface only+ 

111 0 copr'lcLmIopr'ls 
1. The results of the performance show tha t  35 kwe net output can 

be produced by a systea u t i l i z ing  unmodified -1 coaponents without exceeaing 

the  -1 component limitations, 

2. Improvement in the $&formnce of the  -1 turbine can bo expected 

as a result of two factors: 

-2- 



a. Design changes, which are being ineorporated i n  a l l  future 

-1 turb ine  assemblies, are expected t o  result i n  an improvesent i n  turbine 

efficiency of approximately two percentage points at a3.l. reasemable values 

of l iqgid carryover. 

f l a w  across t h e  thrust  balance seal, a reduction i n  leakage across the ffrst 

and second stage nozzle vanes, and a reduetien in leakage across the inter-  

The design modificatioas include a reductien i n  leakage 

stage diaphragm labyrinth seals. 

b. 

nozzle operating ebked. 

Calculations far the analysis were based on the first stage 

Subsequent re-evaluatisn 0-f RPL-2 test data indicated 

choking occurred i n  a later stage, A correspondiq vapor flow rate adjustment 

indicates an increase i n  turbine efficiency of a2;ulroximately tw@ percentage 

points, 

efficiency of 594 w i t h  2s l iquid carryover front the  boiler as eomp8red t o  

55.5s used i n  the analysis. 

The cosabincd effect  of the  above faetors  indicates a turbine 

This change i n  efficienay w i l l  y ie ld  an additlo& 

4 We output if  system flow rates are unchanged; if  the systelg were rebalalsced 

t o  lnafntain 35 kwe output, a significant reduction i n  system flow rates and 

reactor pwer would result. 

3, The weight data given i n  Table II are based'largely on existing 

developmental components fo r  which no weight reduction prog~am has been under- 

taken. A weight and perforaanee iaprsvemcnt study, now being conducted, w i l l  

provide the  best evaluation of the s~y~p-8 EQS f l i gh t  w e i g h t .  A significant 

fmprovenent potential  i s  expected. 

The analysis of the system using -1 csnrponents was  based on several 

ground rules and general assumptions which are br ief ly  listed beltwe 

A, Conrponent per fomnee  t o  be based on data of units tes ted  t o  date.* 



, 
. .. 

. _, 
') 
/ 

B. 

C+ 

Tube-in-tube boiler t o  be used w i t h  pcrformanee -sed on design d@ta. 

Liquid carryover from the boi ler  of 2% of t h e  mercury f l o w  rate under 

a l l  operating conditions 

DI The only system perturbation t o  be considered was  the affect of 

t e q e r a t u r e  variations result ing frolg operation of the reactor temperature 

deadband control. 

Ed Operation i n  an earth orbi t  w i t h  a cylindrical  radiator  exposed t o  

Hlaxiwlrn solar  and earth heat fluxes+ (Sun operation) 

I 

-4- 



v, I 
COME'Omm AYB SYSTEM PERFO-CE DATA ABD RELATIORSHIPS 

A, BOILXR 
' I  

1 
J 

The tube-in-tube boiler considered for  use i n  the  system consists of 

seven tubes, each 30 f t  i n  overall  length w i t h  8 5 f t  plug section, 

The boiler performance i s  based p r i m r i l y  on infomation contained i n  

TM: 4803:65-2-223, "s~@-8 Tube-in-Tube Boiler Design Agalysis", dated February 1965. 

The overall pressure drop, on the mercury side, w a s  obtained f roa  the following 

This equation is  based on data presented i n  t h e  referenced !DL The equation fo r  

the  pressure drop i n  t he  liquid, QT preheat, section of the boiler w a s  based on 

data obtained after the  issuance of the  referenced TM rtnd is &s fellows: 

Additional boiler performance values were obtained by assuraing a 

constant terminal temperature difference of 3 0 9  between 

and raereury leaving the boiler. 

30'3' was assumed as a limiting condition, 

entering the boiler 

A m9nita.m pinch-point temperature difference of 

The boiler was  a s s w d  t o  operate gpith 2$ l iqu id  c a ~ r y o v e ~  fo r  a l l  

conditions under consideration, 

rate was  censidercsd i n  detemining the heat requirements for  boiling and staperhea$ 

regions. 

Only the  vapor portion of the t o t a l  mercury flow 

A graph @f bQil@r perf@mnce, presented i n  Appendix A, page A-1, was 

-5 -  
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prepared from which prilaerry loop NaK flw requirements can be determined fo r  

vr~pious mrcury flow ratas and pinch-pofnt temperature differences at the  IJaX 

inlet temperatures of 1330% sad 1280%. 

j 

The equation for pressure drop on the  WaK side of the boi ler  w a s  
2 

calculated t o  be (PSI) 

The pressme dpop relationship i n  the vapor l i ne  between the boi ler  

outlet  and the  turbine inlet w a s  based on cdca la t ed  values fo r  losses i n  the 

l i n e  and the f i l t e r  at  the turbine. 

test rtptd%s i n  RPL-2 and PCS-1. 

obtainad f o r  the  l i n e  loss at a flow rate of 117% lb/hr, 

from 3 t o  5 ps i  was obtained for the turbine id& f i l t e r .  Therefore, t h e  

These values were generally conf ined  by 

A pressure drop of approximately 6 ps i  was 

A pressure drop of 

following re la t imahip  was  used fo r  l i ne  and f i l t e r  gwessure drop: 
I 2 - 10 1 

A constant temperature dpop of l O ? F  was assumed between the  boiler out le t  and 

turbine inlet fo r  all operating eoaditione;. 

C. 'EBEIHE ASSEMBLY 

Performance of the unmodified -1turbine assembly was based on tests 

conducted i n  RPL-2. The resul ts  of these tests indfcatedthat  a substaatfal  

ammxt of l fquid carryover f m m  the boi ler  existed. The method fo r  determining 

the amount of carryover is discussed i n  memorandum 4933-65-141, "Liquid Mercury 

Carryover", dated 19 August 1965. This memorandum is reproduced i n  Appendix A, 



pages A-2 and A-3. 

turbine efficieney when operating on dry vapor and the effects  of varylng aaomts 

of l iquid carryover on turbine efficiency, 

carryover on turbine efficiency was prepared on 17 August l g 5  fo r  the type of 

turbine tested in RPL-2. 

a turbine efficiency of 57s when operatima@; on apJr vapor aml an efffeiency of 

55.5s when operating @a vapor w i t h  24 l iquid carryover, 

The results of th i s  data analysis were wed t o  determine the 
\ 

i 

A plot ' shk ing  the effects of l iquid 

This plot, presented i n  Appendix A, page A&, indicates 

. .  

The constant (KC) i n  the  turbine nozzle equation, W = H P / K  

w a s  determined t o  be 1950 f o r  the turbine tested i n  RPL-2. 

aesernblfes ell have a 54 area increase fo r  a l l  turbine nozzle stages; therefare, 

The next turbine 

X = 2050 was  used i n  the system analysis* 

The turbine nozzle constant, K = 2850, is based on the area of the 

first stage nozzle. 

assumes that t he  first stage nozzle controlrs flow through the turbine. Althoxagh 

the  resul ts  of RPL-2 tests indicate that the first stage nozzle does not operate 

Using t h i s  nozzle constant throughout the systela analysis 

choked, the use of the first stage nozzle constant will give acceptable Pesul%s 

over a lfinfted flow m%e fan4e. 

Bearing and slinger losses associated w i t h  the  turbine assembly have 

been determined frons TAA tests ts be 1.66 kw. 

Losses i n  the space seals  associat;ed w i t h  the turbine-alternator 

assenibly have been determined t o  be 1.56 kw, 

D o  CQBTDEBER 
The perPoPmsnce of' t W  -1 candenser has been dete-ned t o  8 limited 

extent by tes t ing  t o  date but has not been shown conclusively. Therefore, per- 

formance was es t imted  on t he  basfs tha t  the  condenser operating point would be 

-7- 



. 

i n  the region of high heat t ransfer  effectiveness for both condensing and sub- 
cooling, 
f ollaws 

> The condenser terminal temperature d i f fe~ences  can then be taken as 

- T  = 10- and 
NaOUT 

A condenser pressure drop of 1 psi may also be expected under the  conditions of 
high heat flux, 
can be assumed t o  be constant over the  range of conditions under investigation, 

A constant pressure drop of 0.5 psi, between the turbine exhaust and 

Both the terminal temperature differences and the pressure drop 

the  condenser inlet w a s  assumed for the operating coqditions investigated, 

E. ALTERNATOR ASSEMBLY 

Performance of the alternator assembly was determined by component 

tests conducted on the prototype altermtoro The results ~f these tests are 

shown on c m e  number 4832-65-00011, "Alternator Performance", dated 2-24-65 

which Ea reproduced i n  Appendix A, page A-5. 

The bearfng and slinger lssses associated w3th the alternator assembly 

have been determined t o  be 2.5 kw as a result of cbaponent tists. 

A@litEonal aeehanieal and eleetrfcal  losees were determined t o  be 
. I  

T O O  kw w i t h  an alternator load of' 54,5 kw and a power factor of 0,625. The 

7.0 kw value ineludes L O  kw for alternator field power, 

An allowable al ternator  output of approximate'ly 87.5 kva ' is presently 

estimted t o  be a cbnservative l i m i t  for extended operation.. pPcsious infommtioa, 

indicated that 92 kva may be a permissible value but t he  tests, iron whfeh th i s  

data was obtained, were of short duration (30 rPfntakes QP less) and may not be 

valSd for long tern operation. 

-8- 



F+ ELECTRICAL COMTROLS POWB REQUIREMENT$ -. 

Power requirements for  the speed control Components have been ‘> 

determined t o  be &pproxi=teiy 800 t o  900 w a t t s  from the results of tests on 

-X hardware. A value of 1 kw was userd.fn the system analysis. 

The ptlxaimm parasi t ic  load power required fo r  speed control was  

detemined t o  be approximtely 3 kw f remthe results of te&s csndueted wftb 

-X hardware. It is expeetcd that design refinements can reduce this  mlue t o  

1.0 or  1.5 kw. A value of 1.5 kw w a s  used i n  the system anal.ysis. 

!The resul ts  of t e s t s  conducted in RPL-2 indicated tha t  e l ec t r i ca l  

output variations of approximately 3 kw can be expected fro= system pressure 

fluctuations at the turbine inlet .  Therefore, an additions1 3.0 kw .tras allowed 

for  power s t a b i l i t y  considereztbons. 

me t o t a l  e l ec t r i ca l  controls pewer requirements (PLR + SC) was, 

therefore, a88uned t o  be 5.3 kw w i t h  a power factor  of 0.35 fo r  a l l  operating 

conditions, 
1 

Neat losses i n  the transformer-reactor reaetm assembly are presently 

estimated t o  be not greater than 1.0 kw, 

G, HEaL-WIA”fOR 3”mWCCE 

RadbtQP performance was based on the last SBAP-~ radiator design fo r  

the reference system, 

500 mi earth orbi t  a t  the following conditions: 

A cylindPica1 radiator was designed fo r  operation fn a 

Heat rejection r a t e  425 kw 

Rated flow 39300 l b / h  

-9 - 



' a  
L n l e t  temperature 

w s  s iv i ty  

6659 

0,go 

Absorptivity 0.40 

The radiator consisted of 130 tubes which would have equal heat mjcct iah;and 

equal NaKflow rate. Therefore, t he  pe r fomnee  curves can be used t o  approximate 

typical radiators with different heat re ject ion capabi l i t ies  by vmyirig the 

number of tubes. 

was  shown on a graph ent i t led,  "SNAP-8 Earth Rad-tor Perfomncc*', dated 8-13-64 

which is presented i n  Appendfx A, page A-6. Only operation i n  the sun was con- 

Radiator per fomnce  over a w i d e  range of operating condftisns 

sidered f o r  the  analysis of the -1 coaponent system, 

He PERF'QMCE OF SY8TEI PEaA'S 

1. P ~ ~ ~ ~ Y N ~ K - P E I A  

Perfomnee of' the  NaK-PWI uperatfng in the  priiEpspy loop was 

based on dater. obtained during tests i n  LHL-3 and corrected fo r  operation at the 

expected f l u i d  teaperatwe i n  the primary loop, 

i 

The resultant PMA performance 

is shown i n  curve number 4932-65-00042, dated 8-3-65 (see Appendix A, page A-7)* 

The values of head and capacity obtained from the p p  performance 

curve were eonvertcdto pressure rise and flow rate values by us ing the  following 

equat ions : 

B P  a e31754.E (PSI) 

WN = 367Q . ( lb/hr 

The motor power factor  was obtained from cGve nurabor 4832-64-0017g9 

dated 18 February 1965 which is based on fn-air test8 of' the motor. 

presented i n  Appendix A, page A-8, 

This curve i s  

-10- 
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2. HRLSHA 

Performaace of the HaK-FWi operating i n  t h e  heat rejectfen loop 

was based on data obtained during tests i n  LHL-3 and corrected f o r  operation at 

the  expected f lu id  temperatme i n  the loop, 

shown i n  cupvet mber 4932-65-00035A, dated 7 August 1965 (see Appendix A, page A+). 

The res f i tan t  R8A perfomnee is 

"he values of head and capacity obtained fromthe p.cuap performance 

curve were converted t o  pressure use and flow rate values by using the following 

equations : 

wRRL = 407Q 

The BlQtOP pwer  factoP fQP the HRL-FMA Was CLSO O b t B i M d  from 

cwve nmber 4832-64-00179. 

3. Mercury-PMA 

PePfoPBletnee of t he  =MA was based OB coq@?&ent t p s t s  of mmxwy 

PHA, S/W A l  as shown on curve number 4832-65-00007, dated 6 April 1965 (see 

Apsendix A, page A-10). 

'phe values of head md eapwity obtained f r o n t b e  pump performmet 

curve were converted t o  pressure rise and flow rate val#es by usfng the fsllowhg 

equationst 

j I  

AP 5 5 . 6 1 ~ ~  (PSI 

The power factor f o r  the motor was obtafned fron curve number 

4832-64-00180, dated 18 February 1965 (see Appendix A, page A-la) 

-11- 



4. L/c-mgyI 

Performance of the L/C-PWi was based on data obtafaed fron 

The mter power factor  wbfs obtained frola @ m e  n-r 

4832-65-00006, dated 18 February 1965 (see Appendix A, page A-l3), 

I, SYSTEM LOOP DATA 

1, F?riIBaryLoop 

The pressure drops i n  the p~iinary lo@p rpay be defined 8s those 

existing in- zwactor, the boiler  and i n  the loop pipi%. 

relr;itionships were used t o  insure that  pump capability would not be exceeded 

The folloving 

for any required flm rater 

(PSI) - based QP data used fer 
R e f .  $yet 'E', 'i)wg 

80. 098122 

(PSI) - based on dater used fo r  
Ref, Sys. * E t  

The limiting flw ra te  for  the  primary loop was detePnafmed t o  be 

l b / k  by ffnd9ng the intersection of tho ptatap pe.rfcx&pce curve and the  

system pressure drop carve. 

i n  Appendix A, page A-14. 

A plot showbig t h i s  intersection point is  presented 

-12- 



Absolute pressure levels i n  the primary loop a m  determined by ' 3  
the following limitations: (a )  pressure i n  the  reactor must not exceed 50 psia 

or be less than 35 psia when the PBaK temperature i s  13009 or above, (b) Pm-PMA 

i n l e t  pressure should not be less than the pump net positive suction pressure of 

16.5 psia. A margin of 3 psia above the m i n i m  value f o r  the reactor w a s  used i n  

defining the loop pressure level.  

at ion which may depend on the operating characterist ics of a f l ight  expawion 

This  value, however, i s  subject t o  - some vari- 

reservoir 

2, Heat ReJection Loop 

The pressure drops i n  the  heat rejection loop nay be defined as 

those existing i n  the condenser, t he  radiator and the loop piping* The following 

relationships were used t o  determine the pump requirements!: 

- - 4.0( 'mL)2 (PSI) - based on estilaated pressure 
39500 drop fo r  modified -1 

corn A P  

condenser 

APWD = = 18.8('mI., x - 19 (PSI) - based on 425 kw ref. sxsc 
radiatorp where n 2 no* of 39300 

radiator tubes 

(PSI) - based on data nsed f o r  
Ref .  Sys. 'E' 

Ee a PpIpINo 

The l imiting flow ra t e  for the  heat rejection loop was determined 

to be 46500 lb/hr by finding the intersection of the pmp performnee curve and 

the system pressure drop curve. The system pressure drop curve is based on the 

asswaption that radiator pressure drop would remain nearly constant with chatips 

-13- 



i n  f l o w  rate. The flow number of radiator tubes would be varied in preporl~bn 
i 

1 
t o  the flow rate so that the flow rate and heat rejection per tube w o u l d  ra~~ila 

constant. 

system pressure drop curve i s  presented i n  Appendix A, page A-14* 

A plot showing the intersection of the pump perforntance curve and thc 

Absolute pressure levels i n  the heat rejection loop are determined 

This value is  detemined from by the Isl9nim HRL-PMA inlet pressure of 13.5 psia. 

the MPSH requirement indicated on curve 4932-65-O0O35A1 dated 7 August 1965 (see 

Appendix A, page A-g)+ A -gin of 5 psia above the minima value was &sswmd in , 

defining the loop pressure level, This value, however, is subject t o  some vetri- 

a t ion which may depend on the  operating characterist ics of a f l i gh t  expansion 

reservoir+ 

\ 

3s Mercwey Loop 

I The l i ne  losses between the condenser out le t  and pmp inlet is 

Elevation heads were not eonsfdored 
b 

I less than 0.1 psi and assumed negligible. I 

i n  the system analysist 

The pressure drop between the pmp outlet  and boi ler  inlet will 

be determined primarily by an briffce or t r i m  valve4 The pressure drop value 

w a s  determined a t  the low flow rate value and was then asslunod t o  be propoPtiond. 

for other operating conditions 2 tQ w 
Ho 

Since L/C flow requirements have not been 'f"%mdLy establfshed 

for all components, a flow rate of approximately 8000 lb/hr was asswed t o  determine 

PMA e lec t r i ca l  requirernonts, Those requireaents were assunsed t o  be constant for a l l  

operating con'ditions considered, 

i n  the L/C loop are suFlllParized in Table Io 

t h e  L/C radiator 5s 22,2 kw. 

The component heat losses wMch mast be dissipate8 

The resultant heat reject ion rate f o r  

-14- 
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8-27-65 

L/C LOOP - HEAT BALAaeE 

I. H E A T m  

TAA Space Seal 
TA Bearings & Slingere 
TAA Alternssttm 
MpplIA Space Seal 
BFHA Metor Losses 
PN-PallIA 

I - P M A  
L/C-PMA 
Transformer-Reactor Assembly 

11. HEAT REJECTION 

L/C Radiate* 

22.2 Jm 

1.56 
1.66 
9.50 
1*07 
1*57 
a* 53 
1.92 
1.43 
1.00 

22.2 Kw 



Page- 1' of 2 
8-27-65 

TABIiE I1 

BasFd on the unmodified -1 components. This is not the reference system. 

I, meum SYSTIGM 
2 ,  

Reactor 
Shield 
Miscellaneous 
8aK Inventory 

11, POWER CONVE3SION SYSTEM 

Parasftie Load Resister 
Boiler (Tube-in-Tabe) 
Startup Heat Exchanger 
Expansion Rt?6ePVOiP 
Piping and FtLseeXlaneoQs 
l%iK Inventory 

Bb Mercury Loop 
Turbine-Alternator Assembly 
Pump Motor Assembly 
Condenser 
Injection System 
Piping and Miscellaneous 
pllercupy Inventory 

C. Heat Rejection Loop 
Pump Motor Assenbly 
Expaaerion BaesePvsir 

aaK EnveatQPy 
Piping and Miscellaneous 

Auxiliary Start Loop 

896 
161 
60 
27-7 
20 

134 
42 
202 

1248 
701 

175 
g2 * 

86 
59 
135 

290 
162 

37 
24 

56 
11 

4183 Ib. 



a 

73. 

E, 

F. 

Lube/Cool LOOP 
Putap Motor Assembly 
Expansion Reservoir 
Piping and Miseellaneous 
4F3E Inventory 

Electr ical  System 
start PrsgPcurnaer 
Control Assembly - Low Teaperatwe 
Transformer-Reactor Assemkbly 
Inverter Assembly 
Battery Assembly 
Harness Assembly 
Miscellaneous 

PCS Structure 

RADIATOR ASSEBLY 

A, HEiL Radiator Assembly 
Radiator 
Shpoud and Insulation 

piping 
IsaEc Inventory 

€3. L/C Radiator Assenbly 
RaQiat @r 
$hroud and Insulation 
Piping 

Page 2 of 2 
8-27-65 

179 
26 

35 
343 
80 

610 

3066 1b4 

2147 

1543 
482 

32 
90 

919 
630 
220 

18 
Invelst opy 59 

B m :  Weight estimates are based on: 

1. Huelear dystemt 'Atomics-Internatienal SHAP-~ &ogress Report, 

2, Power Cbnversion System: Measmod weight 00 umYasdified -1 PCS 

- 
BIAA-SR-llO92, dated 15 June 1965. 

cotaponeats, where possible, POP cer ta ia  component$ ( eIg. expansiori 
resemsirs ), weight estimates w e r e  derived from dwmwnttd design 
data, 

eonfiguratiolis. 
heat rejection from 20 .1 to  22,2 kw. 

3. Radiator Assembly:: Analytical studies on cyliniZPica1 radiator 
The L/@ radiator was corrected fer 8n increase i n  



TABU I11 

RADIATOR PROJECTED AREA 

HRXS Radiator 

L/C Radiator 

Total 

1100 ft2 

411 

15U f't2 
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"Ehe e@uxpementi perfommnee reference matarid used as the&wfs of 

the system analysis is presented herein, except far txtchnieerl memrmdum. 

The reference material represents the latest infornration obtafnable from 

the verrfous desfgn group and is not necessarily fornaarlly released infor- 

mation* 

information is farroslly released.. 
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Changes in the component performance values may be made when 
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SA?4F%E CALCULATIONS FOR SYS!PM ANALYSIS 

A set of systea calculations is presented to  i l lustrate the 

procedure used in  determining the values shorn on the SHAP-8 E M  

Performmce f)iagrm which are based on the perforgiarnee of uapaodi- 

f i ed  -1 C o ~ 0 n e ~ t s .  



O l O 7 l o o l  

AEROJET-CEWERM CORPORATION 
A 2  U S A .  C A L I F 0  R N I A  

SURJECT BY WORK ORDER 

8-/ 



01071-00. 

AEROJET-GENERAL CORPORATIOW 
A Z U S A .  C A L I F O R N I A  

\ QUADRILLE WORK SHEET 
PAGE 0-2 OF PAGES 

1 

DATE fl-S/-6& 

euwEcr BY WORK ORDER 

&- 2 



0107l-02 

AEROIET-6ENERAL CORPORATION 
A L U S A .  C A L I F O R N I A  

I QUADRILLE WORK SHEET 
PAGE 83 OF PAGES 

DATE 8 e 2 / - d c  

BY WORK ORDER SUBJECT 

c 

8-3 



k e 

AEROJET-GEIWERU CORPORATION 
A Z U S A .  C A L I F O  R N I A 

PAGE 0-9 OF PAGES 

DATE F % / - L g  

BY WORK ORDER 

01.07140. 

A ’’ QUADRILLE WORK SHEET 

euwLcr 

1 

J‘ 

0 
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B-5 

AERwET EROJETCIEIIRM CORWRATlON 
OENERAL A Z U S A .  C A L I F O R N I A  G ?AGE 8-g OF PAGES 

01-0'11-001 

QUADRILLE WORK SHEET 
i 
'I 

. .* 



AEROJET G BENERAL 

0107l.001 

QUADRILLE WORK SHEET 
I 

AEROJETSUIERN. CORPORATION 
A Z U S A .  C A L I F O R N I A  

SUBJECT BY 

PAGE a-6 OF PAGES 

DATE f -21 

WORK ORDER 

B-6 





AEROJETCEWERAL cmmmn 
A Z U S A .  C A L I F O R N I A  

PAGES PAGE 8-8 OF 
DATE 6- d/ - 65- 
WORK ORDER my 

0197l-008 

, QUADRILLE WORK SHEET 
1 

8UUECT 



AEROJET 

OENEML 

Ol-07890. 

QUADRILLE WORK SHEET 
i 

AEmEl- CORPOMTIOW 
A Z U S A .  C A L I F O R N I A  

8UULCT BY WORK ORDLR 

. .  

I 

a -9 


